The synthesis and characterization of uranium(VI) mono(imido) complexes, by the oxidation of corresponding uranium(V) species, are presented. These experimental results, paired with DFT analyses, allow for the comparison of the electronic structure of uranium(VI) mono(oxo) and mono(imido) ligands within a conserved ligand framework and demonstrate that the magnitude of the ground state stabilization derived from the inverse transinfluence (ITI) is governed by the relative charge localization on the multiply bonded atom or group.
While terminal oxo (O 2-
) and imido (RN 2- ) ligands are formally isolobal and isoelectronic, [1] [2] [3] these ligands differ in the relative energy of their fragment orbitals and in the charge localization at O or N in their respective metal complexes. [4] [5] [6] [7] [8] These subtle differences are most pronounced in the comparison of the reactivity and electronic structure of oxo and imido complexes of the early actinides (Th and U). Andersen's uranium (IV) oxo and imido complexes of [(η 5 -1,2,4-(Me 3 C) 3 C 5 H 2 ) 2 U=X] (X = O, NMe) are principle examples of this divergence. 5, 9, 10 In these mid-valent complexes, the uranium oxo bond is significantly stronger, but much more polarized than the uranium imido bond, and, as a result, the imido engages in [2+2] reactions with unsaturated substrates. The oxo, in contrast, principally reacts as a nucleophile. Such dramatic differences in oxo and imido reactivity and electronic structure are less common among transition metal complexes within conserved ligand frameworks, and the variable steric profile afforded by the imido substituent is often employed as a directing group to control reactivity.
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Since the report of the first uranium imido complex by Gilje in 1984, 12 an extensive body of work on uranium-ligand multiple bonding has developed. [13] [14] [15] [16] A major objective of these studies has been to understand the unique bonding in uranyl (and the actinyls) -the most common structural feature of high valent uranium compounds. 17 In uranyl complexes, the two terminal oxo ligands are trans to each other and the U-O distances are typically both short at ~1.8 Å. The inverse trans-influence (ITI) has been proposed as the basis for this geometric preference. [18] [19] [20] [21] [22] [23] [24] In this model chargeinduced mixing of the pseudocore 6p orbitals with the valence 5f orbitals leads to contraction and strengthening of the bond trans to the oxo ligand. 25, 26 However, appropriate complexes to disentangle the difference in high-valent uranium oxo and imido bonding have yet to be prepared. Complexes in which the highest uranium oxidation states (V) and (VI) are stabilized by a mono(imido) (or mono(oxo)) moiety are still scarce. [43] [44] [45] [46] [47] [48] [49] [50] [51] Recently, we demonstrated that the ITI was key feature in determining geometry of the two C s tacn-supported uranium(VI) mono ( The structures of the imido complexes 2-t-Bu ( Figure 1 ) and 2-Ad (see ESI) are very similar. Their U-N imido bond distances are short, measuring 1.911(9) and 1.917(9) Å in 2-t-Bu (two independent molecules) and 1.921(4) Å in 2-Ad, consistent with previously reported U(VI)-N imido distances. 44, 45 The N-Si bond lengths are 1.750(10) Å for the t-Bu (both independent molecules) and 1.745(4) Å for the adamantyl imido, and the U-N-Si angles for both complexes are essentially linear for both complexes (2-t-Bu, 180.0° and 2-Ad, 175.8(3)°). The slight deviation from linearity in 2-Ad is due to the increased steric clash with the ortho-adamantyl ligand substituents. -(NSiMe3)]SbF6 · 0.5 [Na(DME)3]SbF6 · 1.5 DME (2-t-Bu). Counter anion, co-crystallized solvent and NaSbF6, as well as hydrogen atoms are omitted for clarity. Thermal ellipsoids are at 50% probability. Selected bond lengths (Å) and angles (°): U-Nimido: 1.911(9)/1.917 (9) ; N-Si: 1.752 (10) In order to understand these observed differences, and to compare the electronic structures of the U(VI) imido and U(VI) oxo complexes, restricted DFT calculations were carried out, employing a ZORA/TZP all-electron basis set on the axial and hypothetical equatorial isomers of 2-t-Bu and 2-Ad. While the calculation of 2-Ad with an imido ligand hypothetically bound in the equatorial plane did not converge, suggesting instability of this geometrical isomer, calculations for both axial and equatorial imido coordination converged for 2-t-Bu. However, for the axially bound imido ligand in 2-t-Bu ax , the U-N distance is calculated to be slightly shorter by 0.017 Å compared to the equatorial derivative. The calculated energy of 2-t-Bu ax is approximately 11 kcal mol −1 lower in absolute energy than 2-t-Bu eq , which fully agrees with the experimentally observed axial coordination of the imido ligand. For the respective is slightly more covalent than the U-N bond in 2-t-Bu ax . This result is in contrast to the mid-valent uranium oxo and imido complexes studied by Maron, Eisenstein, and Andersen, 5, 9, 10 and suggests that the increased oxidation state and accompanied decrease in energy of the 5f orbitals leads to better energy parity with O 2p orbitals than the N 2p orbitals. While the steric demands of the trimethylsilylimido ligand are greater than for the oxo ligand, and thus steric influences should not be overlooked, DFT calculations clearly show that the U≡O bond is more polarized than the U≡NR bond and that the charge localized at O (in the oxo) is substantially greater than that localized at N (in the imides) ( Covalency is driven both by valence orbital degeneracy and orbital overlap: the importance of both of these trends for determining the magnitude of covalent bonding is particularly pronounced in the felements. 54 Since the molecular orbital description of the ITI primarily, 25 but not exclusively, invokes involvement of a 6p orbital directed along the σ-bond axis we conclude that the oxo group induces the greater polarization of the metal atom core electrons. Mixing the 6p and the 5f orbitals induces a quadrupolar polarization because the orbitals are the same parity. This phenomenon leads to the observed shortening and strengthening of the trans disposed ligand. Consequently, the observed demand for a strong ligand coordinated trans to the terminal ligand (O 6 . Unlike the t-Bu derivative of the U(VI) complex with equatorial oxo coordination, for which ITI was shown previously to be a key feature, we find a different behaviour for the terminal imido complex 2-t-Bu, with the imido group coordinating exclusively in the axial position. While DFT calculations suggest that coordination of the imido ligand in the equatorial position of the 2-t-Bu derivative (but not in 2-Ad) would be sterically possible, this structure is higher in absolute energy and therefore is a disfavoured ground state geometry. These results show that polarization of the metal-ligand bond (and the resultant quadrupolar polarization of the metal core electrons) is a key factor in determining the magnitude of the ITI in actinide complexes. This research was supported by the German Bundesministerium für Bildung und Forschung (BMBF 2020+, 02NUK012C), the Deutsche Forschungsgemeinschaft (DFG) within SFB 583 and ME1754/2-1. The FAU Erlangen-Nürnberg is gratefully acknowledged for financial support, as is COST Action CM1006. S.T.L. thanks the Royal Society, EPSRC, ERC, and University of Nottingham for support. This work is dedicated to the 60 th birthday of Prof. Manfred Scheer (University of Regensburg).
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